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l\[{u{wl:uture Glepal Earth @hsernving System

- /l'

Develop the outleok for the
far-iuture Eartia eserving
system::

o provide a leng-termyvisien

* SUQ@Eest major new: enservational
goals required fior prediction o full
Earth system precesses

o evaluate fieasibility: oii a full-glehal
Earth observing system

e identify technical hurdles

22 July 2003
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TR o EULiTENEIenal Eartn Obsenving System:
%y Votivation

b r

Fhevananilin el Eartars envirenment links to life through:

the availability of water, production of food, effects of atmospheric composition,
ecosystem and human health, and human impacts and migration.

AS the Ruman pepuiaien grews, e ks between the Earth
envirenment anerimannEEds and IMmPacts alse: grow:

the needs for quantitative prediction of the Earth system therefore increase.

\We must move beyend hasic URdersiandings oi the Eartn io a
guantitative predictive: capability fer fitture changes) o Eartn’s:

atmosphere, oceans, biosphere and solid Earth.

These predictions will enable infiermed Secietial dECISIoNS: thal
will enhance the quality’ of liie; econemic ststainaniiit; and
global social stability.

22 July 2003




EUtre GlenallEarti @hserving System:
>y Linking Observations & Models

e titire Earthrelsenvanen systemwill reguire a paradigm shift:
s complere ehsenatent ol theuliNEarthrsystem
e an international suite of Earth observation systems
« all observations made at the appropriate:
e precision and accuracy, and
e spatial & temporal resolution
for the processes being observed. IR T

s 0lservatiens assimilared ieraiamily o
Interacimge models ineciuding
 all major Earth system components:
e atmosphere & oceans
* biosphere
» solid Earth
» and linkages between components

PREDICTABILITY

22 July 2003




Ve v ENlrerGlekal Earntn @hserving System:

NASA

<is DESIGRISIudy,

; r

\We considereal six Eartih scIences topics:

o The genesisiand development off extrene weather

o Seasonal climate change and predictabiliby

o Sea level change

o Earthguake prediction

o Availalility: o water

» Biosphere - climate interactiens and Mumani Interactions

Additional impertant topics are easily adidea

22 July 2003




ElirelGlekalfEarthi@hsenving System:
epICHREENESISiand PDeVvelepment of Extreme Weather

[ NASA|

Table 2.2. Weather Forecasting Goals

Phenomenon {Today’s
Capability)

Goals for 2010

Vision for 2025

J-day forecast at 93%

S-day forecast at = 90%

T-10-day forecast at =
%

3-day rainfall forecast not
achievable

J-day rainfall forecast routine

T-day rainfall forecast
routing

Winter storms (13 hours
advance)

Winter storims forecast 1 day in
advance; probabilistic guidance
to 5 days

Winter storm forecasts
=3 days, with
probabilistic guidance to
10 days

3-day severe local storm forecast
with low-moderate confidence

S-day severe local storm
forecasts with moderate
confidence

T-day probabilistic
severe local storm
forecasts, with moderate
to high confidence

Extreme Weather

Thunderstorm ocecurrence
{convective initiation) to 16 min

Thunderstorm occurrence 1o 30
min

Thunderstorm
oceurrence »2-3 hrg

Tormado lead time 10 min

Tomado lead time 20 min

Tomado lead time 30
min

Measurements

Tropospheric wind profiles (20 levels in
troposphere)

Resolution

ACCUrACY

3 km

1 m/s per
horizontal
component

Flash foods 47 min

Flash floods 1 hour

Flash floods =2-3 hours

Hurricane landfall (125 nautical
miles (nm) at 2 days)

Hurricane landfall 100 nm at 2
days

Hurricane landfall 75 nm

at 3 days

Wind vectors within storm systems (20
levels in troposphere)

5-25 km

3 mfs per
horizontal
component

Hurricane intensity (16 knots)

Hurricans intensity 12 knots

Hurrican intensity 9
knots

Temperature and water vapor profiles in
clear air {20 levels in raposphers)

5 km

1°C, T& Td

Air quality day by day

Air quality at 2 days

Adr quality at 7-10 days

Temperature and water vapor profiles
within storm systems (20 levels in

troposphere)

5-25 km

1°C, T & Td

22 July 2003

Surface precipitation

5-25 km

5-10 mm/'h

3-D precipitation structure (20 levels in
troposphere}

525 km

510 mm/'h

Oreaan mixed laver d

10 km

10%%




Today

2015

2030

Week 10 month shor-term
climate predictions exceed
present capabilities.

Tnitial success in
forecasting short=term
climate

Short-term chmate
predictions routine with
A0 success over week 1o
month time penods

First steps taken linking
weather and climate to
forecasts of flooding, crop
and disease.

Short-term climate
predictions link to lorecasts
of adverse weather,
flooding, crop, disease
outbreaks.

Short term chimate
predictions are sufficiently
accurate that societal
actions can be aken.

First steps taken toward
understanding of causative
factors for el Nino
oecumence

Past £ MO OCCUNTenees
can be reproduced, and
experimental forecasts are
Fouline.

15-20 month El Nino
prediction

Predictions ol annual
rainfall on regional scales
are based on chimatology
and persisience

Uselul predichions ol
annual ranfall on regional
scales based on chimate
predictions

Routine global forecasts of
annual rainfall on regional
scales accurate enough for t
the needs of acriculture

First steps taken toward
understanding of shon-lerm
climate vanability

El Mifia mirmis La Nifia Composites
of Global Mormakzed Prec

e,

Glabal Precipitatean Climatology Project (GPCP) 1879-01

Causative factors for short-
term climate variations
understoond

1 0-yvear climate forecasts

Positive Phase of the Wirlentime North Atiantic Oscilation |NAG)

B =L '!;'5&-1.

Table 2.1. Key Climate Measurement Goals

Measurement

Climate Measuremenis Frequency | Horizontal Precision/
Reselution accuracy

Ocean evaporation rate Daily 10 km 5%

Ocean mixed laver depth Weekly 10 km 1095

Sea lce thickness Monthly Skm Sem

Soil Moisture Daily < | km 10%

Soul properties (carbon stocks, nutrient Monthly To | <1 km NA

availability, hydrologic properties) Weekly

Stream flow Daily NA 10

Aerosol distribution and absorption Hourly <1 km 10%

properies

Atmospheric ozone Hourly Lkm {vertical) 5%

Carbon dioxide and methane Hourly 1km {horizontal) | 1% {column)

A rc Hourly Lkm (H & V) 1-10%




Tuoday

2015

2030

Sea-level Change

Large uncertanties in

several significant potential
contnbutons o sea level rise
{ice sheets, coastal change)

Ice sheet state, evolution
and dynamics understood

Rudimentary knowledge of
short-term ocean volume
changes

Regional vanability poorly
understood

Well-understood oceanic

expansion term tied to

short-term climate
reciction models

Wariable coastal responss o
sea lavel change understood

Accurate 10-yr and longer
regional sea level
prediction, ncluding
umpacts on coastal erosion,
coastal ecosvstems and
fresh water availability

Rudimentary knowledge of
adaptability of coastal
coosyslems 1o rising sea
level

Impact of sea level changs
on coastal region
habitability coming into
focus

0@)e)si= C s
> o > ) — . -
Sea Level Measurements Frequency | Horizontal Precision/
Resolution ACCUFALY

Ocean/Tee Mass Redistributions {gravity [[Maonthly 100510005 km | 0.1 mmfyr  sea

change) {scale of | level rise

drainase basin) | equivalent

Bathymeiry Unce 5 km 1 0%

Ogaan mixed laver depth Weakly 10 km | 0%

Coastal zone topoeraphy Monthly 2-5 m pixels <10 cm (heizht)

Ice Sheet Topographic Change <1 Year 110 km  (ice | | cm (height)

slreams ice
sheet)

Ice motion {dynanics) Monthly 100 m | myr (rate)

Ice Sheet and Bed Charactenstics 10 Years 10 = 100 km Bed topography o
<10 m

Crustal Deformation (uplift'subsidence) JDauly  To | 10m | cm (range)

Weskly 0.5 mmdyr {rate)
on annual basis

Soil Moisture Daily < 1 km 10%

Snow Pack Weekly < 1 km 0.1 mmiyr  sea
leavel FIse
eguivalent

Reservorr and Aquifer Impoundment Monthly Scale of storage | 0.1 mmfvr sea

basin level rse
equivalent




EUlre Glehal Earth@hsenving System:
epIc4s Eartnguake: Prediction

2015

2030

30-yr probabilistuc
carthquake assessments

Experimental S-yr
earthquake Torecasts

Monthly earthquake hazard
assessments at scale of
major faull systems.

Earthquake physics poorly
undarstood

Maodels of earthquake
physics vielding reasonable
SUCCESS 1N reprasentiing
observed fault system
inleractions.

Time-dependent models of
crustal deformation due to
tectomic loading and
hydrology

Knowledge of space-tims
spectrum of crustal
deformation expanding

Aseismie and transient
straun budget comng into
focus

Full-spectrum of
deformation understood

Daily 1o weekly volcanie
activity wamings

Gilobal inventory and
warnings of active
volcanoes

30-60 day volcanic eruption
wamings

Magma dynamics models in
development.

Evaluation and validation
of magma dynamics models
to predict eruplions

Imgpact of potential
eruptions on atmospheric
composition Factored into
climate modeals

22 July 2003

Felative Fosition imm)

L ALBH (Victoria, B.C.)
+ East Component

1958

1338

2000

i,

Measurements

Frequency

Horizontal
Resolution

Precision/
ACCUrACY

Crustal Deformation

Daily To
Weekly

I-10 m

5 mm
Instantaneous,
1 munyr {rate
over 10 yrs)
ACCUracy

Crustal Mass Redisiributions

(gravity change)

Weekly

F0-100 km

0.1 milligal
accuracy

Subsurface sounding

Weekly

100 md 10 m
depth

3% safuration




)¢ Avaliang
i 215 23
Credible progreas tovwarnds
Understanding of the role of | represemtation and Bowtine predictions of
clowds and precipitation in | forecasting of clouds in clowds and precipitation in
weather and climatea. weather and climate wieather and climate models.
Eibschizls.
- Land surface state can ba
Frediction “ﬁﬁ;ﬁﬁ, reliably predicted Land surface influsnce on
aurface wate,r ET—ai 4 n:depm:lmil}-nfﬂte ﬂwnlhmlemﬂb&nag.haa
micro bevel. ' waaﬂ‘-ermﬂ climaie gyslems can be predicied.
variability.
Components of the water o - Can rowlinely it watar
cycle understood, but water ?;E—hﬁhfmﬁnnﬁmnf cyele #iiﬂhﬂjl;'n.‘;;ﬂ
mmtmumtaly regional and global scal ;ﬂ;imm;i pegional
Measurenents i‘uquenc}r Spailal Precision
Resoluthon
- Soil bdoigiune [railyv = | km LM
Precipitation Hourly 5-25 km 510 munsT
| Stream ow Draily BA 1%

Sea lee thickness hdonthly Sk Scim

Soil properties {carbon stocks, nuirient hdonihly 1o = | km MA

availability . hydrolopic propestiss) Weekly

| Choean evaparation rabe Draily 10km it
Reservoir and Aquifer Impounsdment hdonthly Scale of storage | 0.1 mou'yr sea
basin bevel risa
iy alend

Iee sheed elevation Weekly = | ki %%

Sy Pack Weekly = 1 km 0.1 'y e
bevel risa
iy alend

Iee Bhoet Topographic Clange <1 Year 1-10 km {iee I cm {height)

alreaitis — W

ghiet]
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EUlre Glehal Earth@hsenving System:
ERICIGRBIGSPNEre; Climate and Human Interactions

Biosphere-climate
Interactions

Today

2015

2030

Observations allow relating
net primary production with
carbon balance,

Carbon sources and sinks
for Morth Amenca are
guantified well enough to
allow carbon management
decisions,

Predicton of global, high
resolution, monthly carbon
exchange by oceans, coastal
zone, and ferrestnal
hinsphers

Table 2.7. Measurement Goals for the Biosphere on Land and Sea

Biosphere

Accurate charactenzation of
annual biogeochemical
eveling and biospheric
processes in ocean and
terrestrial models based on
cmole sensine data

Understand the effects of
land use recovery on
carbon balance, including
explicit understanding of
bomass, soils, and coastal
SN

Capability to understand
and predict the natural
regulatory controls on
biosphere processes,

Measurements

Mixed layer depth, coastal zone

Frequency

Horizontal
Resolution

[Weekly

101040 m

Ocean MNutrient fields (M, 5i, Fe), aerosol
deposition, functional groups

Weekly

10 km

Teleconnechons between
climate variability and
BCOSYSLem response
understood on a statstical
hasis.

Capability 1o forecast
BCOSYSIBM FESPONSE 10
climate and weather
vanability on interannual
and loneer fime scales,

Capacity 1o forecast
ecOsySiem response 1o
human influences on
biosphere-atmosphers
exchangees,

Ocean Colored dissolved organic matter
Chlorophyll and other pigments
Functional groups

Bathymetry and bottom reflectance
Nutrient concentration (N, Si, Fe, P}

[Daily-
Weekly

100 m

Ocean Physiological state {fluorescence)

IDaily

Capability for coarse
resolution, global net
primary production
modeling,

Capability for ecosystem-
specific, carbon
management modeling and
forecasting

Capabality o model fine
space and time scales of
biosphere response 1o
chimate vanation (adequate
for public applicaiions)

Bathymetry

Daily-
eekly

Phenological state (leaf out, senescence)

|Diurnally

Flux of Carbon (Pg C/yr)

«mme Cmissions from fossil fuel

<—= Unidentified sink
[ === Qceanic uplake
| === Atmospheric accumulation

ramm= MNet release from land-use change

1850 1870 1390 1910 1930 1950
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1970

Figwrs 11 T perbow culc ovdempo rarbos foreron clomosy of e Faed e
The mamch ooy cavhom e (Bl oy e phinag

Biochemical composition of plant canopies
(N, lignin, pigments, chlorophylls, etc.)
Responses to multiple stressors (long-term)

Weekly

Fire properties (energy release rates, rate of
spread, pasiserosol loading, soil heating)

IDniI:,'

100 m

Standing biomass over lime

Monthly-
Annual

100 m

Vegetation  structure,  successional  slate,
primary & secondary vegetation condition

IMon'rl'in

100 m

Soil properties (carbon stocks, nuirient
availability, hydrologic properties)

Monthly
o Weekly

< 1 km

MNA

Aerosol distribution and absorption properties

JHourly

< 1 km

10%%

Atmospheric ozone

JHourly

Lkm {vertical)

5%

Carbon dioxide and methane

IHourl_\,l

Tkm
{horizontal)

1%% {column)

Atmospheric gases

JHourly

1km (H & V)

1-10%




N(g m EllrelGlekalfEarthi@hsernving System:
iy HeWirealIsticIs this future vision?

How many.

= satellites &
Current Earti , F. what do they

ehsenving satellites: measure?
— GEO + LEO o .
operational satellites ~ #w  SUAFE R = IHow are data
from US & other & ¥ B2 accessed?
nations T

— amultitude of _—" -

research satellites

+ Advanced Sensors

.Sensor Web + Sensor Web

+ Information Synthesis
—Ilnks data to * Access to Knowledge
computational nodes

—synthesizes information
for applications

22 July 2003




Orbits for each
measurement can
be selected based
on the requirements
for:

 frequency of
observation

 spatial sampling

» observational
technologies

Temporal and
spatial sampling
requirements are
set by the
characteristic
scales of the
phenomena

22 July 2003

EUlre Glehal Earth@hsenving System:
REVIEWIE @hservation Goals

ea aum ernent

Fregquendy

Hurizomtal
Reschoion

Fredsion' aciurady

Ocean evaporation rate

Ocean mired larer depth

Draile
Weeklr

10km
10km

3%
10%

Ocean mired larer depth, coastal zone
Ocean/Toe Blas s Be distribngtions (gravite dhange

Weekly
Ilomthiby

10-100 m
100=-1000: lan
[drainage basi))

10%
0.1 monht sea kwel e
Ui lerd

Aerogol distragtion and aheorption prop erties
Annocpheric ozote

Honrkye
Howrhy

= 1lm
m (W)

10%:
3%

Carhion dio xde and methare

Horhe

Lo (H)

1% (cobnmm)

Annocpheric Faces

Honrrhyr

T H &)

1-10%:

Tropospheric wird profile s (20 legrels)

3 Hours

1mds

Wind wectors within stonm spsteme (20 ke k)
Temperatare and water wapor profiles oo lear air (20 legels)

1-3 Honrs
1-3 honar s

3 mie
"C.T& Td

Temperatare and water wapor profile s writhit donne (20 legre

1-3 Honrs

1"C,T& Td

Horky

5-10 mondh

3-Dr pred ipitation doachme (20 lere 1o h troposphere))

3 Howrs

5-10 manh

Sea Ine thickres s

Mlowathly

Scm

Soil Moistmre

Draibe

10%

Soil properties (cathon stocks, rodried arailab il her? oo ac
properties’)

Ilomthiby
Weekile

Ha

o cFEEEEAE e o

m

Draily
Diaibe Weekly

100 m

10%:
10%:

| s 8| |E
=

Coastal mome topographe-
Ire Sheet Topos_Lac Change

2-Smpinels
1-10 lam (ke
stre arme & cheets)

=10 an

1 am (height)

Sl e R ]

g

T _ueet e levmatiom

= 1km

1%

H

Ire mntion (dyratnics )
Ire Sheet and Bed Charscterictices

100 m
10 = 100 kan

L [Tae)
Bedtopographe to <10 m

Croastal Deforrmation (upliftiaheide )

Coastal hlass Be distriboations (gravity chatge)

10m

30-100 lan

1 cm (range); 0.5 monbT
(Tate) ot aremalbacic
0.1 milligalac oarace

w| v

=

s, vichme comding
Srurer Padk

100 my 10 m depth
= 1l

5% s ahmation
0.1 monhr sea kel e
& quinea lerd

v = | =

Eecervrofr and Squifer Brpomdmert

Ocean Mudriert fiede (M, 5, Fe), aerosol deposition  fiunctional
S oaps

Scale of ctorage
basin
10 lan

0.1 monhr ces kel rce
e quina lerd
30

#

o

Ocear Cokred dissolred orzanic matter, Chloropkoell and other
pigments, Fmctiohal groape, Bathgmetry  and  hotbon
refkctance , Futrient cor edration (M, 51, Fe, P

Ocean Phyrsiological state (fliorescence’)

Draiby Weeklyr

Traile

100 m

100 m

10%

20%

La]

Pheruologic al state (leaf ot setwesdence’)

Dinmalle

1lan

Lessthah one day

Biochemical composdtionn of plad cavopies (H, lignn,
pigmente, chlbrophylk, etc ) Becpotwes to mmliple sreccors
(o g termm)

Weeklr

100-200 m

25%

Fire prop erties (ererzy elease rates rate of spread, gasfaerocol
loading, so ilhe ating)
Standing biothase oner tine

Draily

Mlomthbye Shroial

100 m

100 m

20%




~
¢
|

z I(-‘ —~ >
 NASA

b r

Special LEO:
» 4-6 satellites
« 3 weekly scales

* longer wavelength

Instruments
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ElrelGlekalfEarthi@hsernving System:
@ris; @enstellatens,; & Instruments

LEO orbits:
s < 8-10 satellites provide:
' & » multi-hour «
~ multi-day scales
e longer
wavelength
Instruments




Temporal and
spatial sampling
requirements are
set by the
characteristic
scales of the
phenomena

22 July 2003

EUlre Glehal Earth@hsenving System:

Review e @nservation Goals

ea aum ernent

Hurizomtal
Reschoion

Fredsion' aciurady

Ocean evaporation rate

Ocean mired larer depth

10km
10km

3%
10%

Ocean mired larer depth, coastal zone
Ocean/Toe Blas s Fe distriagtion = (gravi

10-100 m
100s-1000s  Jan

3-In prec fpitatior t o

—eaina e hash )

10%,

0.1 munkT
Ui lerd

sea kel rse

10%:

Sea Ine thickres s

Soil Moistmre

Draibe

Soil properties (cathon stocks, rodried arailab il her? oo ac
properties’

Ilomthiby
Weekile

Stre arn flovar
Bathoanetry

Draily
Diaibe Weekly

100 m

10%:
10%:

Coastal mome topographe-
Ire Sheet Topos_Lac Change

Memthby

= 1 ¥ear

2-Smpinels
1-10 lam (ke
stre arme & cheets)

=10 an

1 am (height)

T _ueet e levmatiom

Weeklr

= 1km

1%

Ire mntion (dyratnics )
Ire Sheet and Bed Charscterictices

Mlotathly
Wearhe

100 m
10 = 100 Jan

L [Tae)
Bedtopographe to <10 m

Croastal Deforrmation (upliftiaheide )

Coastal hlass Be distriboations (gravity chatge)

Daibe
Weelklr
Weekl

10m

30-100 lan

1 cm (range); 0.5 monbT
(Tate) ot aremalbacic
0.1 milligalac oarace

s, vichme comding
Srurer Padk

Weeklr
Weelilr

100 my 10 m depth
= 1l

5% s ahmation
0.1 munhT
& quinea lerd

sea kel rse

Eecervrofr and Squifer Brpomdmert

Ocean Mudriert fiede (M, 5, Fe), aerosol deposition  fiunctional
S oaps

1

Weekly

Scale of ctorage
basin
10 lan

cen kvel Tise

0.1 munhT
e quina lerd
30

Ocear Cokred dissolred orzanic matter, Chloropkoell and other
pigments, Fmctiohal groape, Bathgmetry  and  hotbon
refkctance , Futrient cor edration (M, 51, Fe, P

Ocean Phyrsiological state (fliorescence’)

Draiby Weeklyr

Traile

100 m

100 m

10%

20%

Pheruologic al state (leaf ot setwesdence’)

Dinmalle

1lan

Lessthah one day

Biochemical composdtionn of plad cavopies (H, lignn,
pigmente, chlbrophylk, etc ) Becpotwes to mmliple sreccors
(o g termm)

Weeklr

100-200 m

25%

Fire prop erties (ererzy elease rates rate of spread, gasfaerocol
loading, so ilhe ating)
Standing biothase oner tine

Draily

Mlomthbye Shroial

100 m

100 m

20%




Eltre Glenal Eartn @hsenving System

EEmmuRIcation, Compuiation & Delivery of Data

[DaiareauiremeRuisHionr

=1 ey 021K
reselution it s
» 10 variables

« 10 measurements / variable
» 20 levels in atmosphere

~ 102 paud

Ability: off recipient te

Ingest the data:

 for govt. function,

industry, science, public

~ equivalent te

present workstations
~ 10° baud

22 July 2003

Ability of recipient to

make a decision:
* either binary (yes/no)
* or between choices




Systems of Planet Earth
How They Interact and Impact Life

& Earth Radiation Environment
\in « Earth Magnetic Field

* Orbit Dynamics

* Solar Cycle / Events

Atmosphere - Ocean Dynamics 3 ol Climate
» Ocean Heat Transport - » Agrosols

« Seasonal Variability — 8 * Greenhouse Gasses
« Storm Systems L . * Hydrological Cycle

Solid Earth
* Earthquakes
* Sea Level
* Volcanoes

Biosphere

* Availability of Water
» Ecosystem Health
* Quality of Life




